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INTROUCTION
The dimensions of semiconductor devices are shrinking fast day by day which is actually propelling the advancement of modern day computers and gadgets. The confinement of dimensions has already reached into nanoscale range and attempts are going on to prepare such in order to decrease the power consumption and dissipation when they are applied in a device. When such a miniaturization is continued, it becomes increasingly difficult to fabricate the device and squeeze out its properties. It is the case where the quantum size plays an important role.
Quantum size confinement, Coulomb Blockade effect etc. makes silicon nanocrystals a possible candidate for the fabrication of novel devices such as single electron transistors [1] , vertical transistors [2] , resonant tunneling devices [3] [4] and floating gate memory devices [5] [6] [7] [8] . The quantum confinement effect is observed when the size of the particle is too small to be comparable to the wavelength of the electron. So as the size of a particle decreases till nano-scale range, the decrease in confining dimension makes the energy levels discrete and this increases or widens up the band gap and ultimately the band gap energy also increases. Since the band gap and wavelength are inversely related to each other the wavelength decrease with decrease in size and the proof is the emission of blue radiation. Nanoparticles can be produces by LPCVD, PECVD and laser ablation. However, there is little research in the way of the particle electrical characteristics. In general, this has involved building a composite structure of nanoparticles embedded in an insulating matrix [9] or measuring the electrical properties of freestanding nanoparticles by making two direct electrical contacts using Scanning Tunneling Microscopy [10] [11] or atomic force microscopy [3] . Due to the strong carrier confinement in a silicon nanoparticle, it is reasonable to assume that the electrical properties of these particles will be different from their thin film equivalents. For example, the current through a nanoparticle can vary by several orders of magnitude when the addition or removal of a single electron changes the charge on a nanoparticle. Since the location of nanoparticles is random, a critical step in nanoparticle device fabrication is the exploration of electrical properties of the nanoparticles.
The silicon nanoparticles used in this study were deposited on SiO2 substrate by thermal decomposition of silane using Low Pressure Chemical Vapor Deposition (LPCVD) [12] [13] [14] [15] [16] 
EXPERIMENTAL DETAILS OF SYNTHESIS OF NANOPARTICLES
The device fabrication process begins with the<100> orientation n-type silicon wafer (9-11 Ωcm) of 2" diameter after various type of cleaning. Contaminants present on the surface of silicon wafers at the start of processing, or accumulated during processing, have to be removed at specific processing steps in order to obtain high performance and highly reliable semiconductor devices.
In the surface wafer cleaning process, silicon wafer was boiled in tri-ethylene for 5 minutes to remove glycerin and wax in the wafer. Then the wafer was dipped in methanol for few minutes to remove dust and fragmented particles and rinsed for 1-minute in running DI water. The RCA cleaning is followed by Piranha cleaning.
The Piranha cleaning mixture is combined of sulfuric acid (H 2 SO 4 ) and hydrogen peroxide (H 2 O 2 ), usually 3:1 in volume ratio to remove organic and metallic impurities. It is the most effective in cleaning silicon surface. Many cleaning steps include an HF last step to remove native oxide and after that, the following procedure was maintained.
In the next dry thermal oxidation process, SiO 2 has been grown on Si substrata at 800⁰C for 5 minutes in the presence of O 2 . THERMCO oxidation furnace has been used in this process. Thus, 50 Å SiO 2 layer (tunneling oxide) was grown by thermal oxidation on n type <100> silicon substrate. The chemical formulation is as follows:
Next, the silicon nanoparticles have been deposited using LPCVD method. In LPCVD method, Silicon is deposited by pyrolysing silane at 600°C in a low-pressure THERMCO CVD reactor. Here the chemical formulation goes like this:
In this process, the deposition parameters like as Process Temperature (600C), Chamber Pressure (100 mTorr) and Silane Flow Rate (50 sccm) and Time (varied between: 15 sec-90 sec) have been considered exclusively for our experiment.
AFM CHARACTERIZATION PROCEDURES
Nanodimensional structures are characterized by scanning probe microscopy (SPM) techniques like AFM, scanning tunneling microscopy (STM). There are different modes of AFM imaging, namely contact, non-contact, intermittent contact (or tapping), and lateral force microscopy. Contact mode is the most common mode of operation of the AFM. In this mode, the tip and the sample remain in close contact (in the repulsive regime of the intermolecular force curve). One of the drawbacks of contact mode is that there exist large lateral forces on the sample as the tip is dragged over the specimen and may damage the sample of soft material like biological or polymer specimen. In non-contact mode, cantilever oscillates above the surface of the sample at such a distance that it is not in the repulsive force regime. This is a very difficult mode to operate in ambient conditions. The water meniscus, which exists on the surface on the sample, invariably forms a small capillary bridge between the tip and the sample and causes the tip to jump-to-contact. Tapping mode is the next most common mode used in AFM. When operated in air or other gases, the cantilever is oscillated at its resonant frequency (hundreds of kHz) and is positioned above the surface so that it only taps the surface for a very small duration. As a result, lateral forces are significantly reduced as the tip scans over the surface. When imaging poorly immobilized or soft samples, tapping mode is a better choice than the contact mode. For this study, (nanosilicon/SiO2/Si samples), the contact mode AFM imaging is employed as the sample material is hard and had gone through various high temperature cycles during fabrication. Digital Instrument AFM was used with scanner size of 1 mm.
The AFM images have been analyzed using available software namely SPIP. These software packages offer a wide variety of functions related to AFM image analysis including crosssection profile analysis, roughness analysis, grain/pore analysis, 3-D visualization, plane correction (flattening)etc. Line profiles were employed to estimate size and height of nanoparticles. Nanoparticle density has been calculated by counting particles in the window using the image processor.
CHARACTERIZATION OF SURFACE
MORPHOLOGY by ATOMIC FORCE MICROSCOPE (DIGITAL INSTRUMENT) & SPIP
Si nanoparticles were deposited at temperature 6000C and at chamber pressure~100mTorr. The variation of deposition time was between 30-120sec. The surface morphology The line profiles of the same sample of Fig. 2 have been shown below.
Fig3: Line Profile of nanoparticles deposited at 600 0C by LPCVD process for 90sec
From this image, a small window of size 500*500 nm have been extracted for analyzing the particles size, number and distribution using SPIP (Scanning Probe Image Processor, SPIP, ©Image Metrology) software. Using SPIP we get the 3-D image window that elucidated the size of the nanoparticles in the range of 2-10 nm and density: 2X1011 /cm2. The following Fig. 3 is the 3D image of the window extracted: With the advancement of the time of deposition, the density as well as the height increases steadily which can well be observed from our next AFM image of the deposition of nanoparticles at 600C for 120 secs duration. 
DISCUSSION
These nanoparticles have been fabricated by controlling the primary stages of nucleation and growth process. Deposited nanoparticles depend on the pressure, temperature and the deposition time. Nanoparticles may be deposited at different temperature. Here, the deposition temperature was 6000C and the deposition time was also varied between 30 sec to 120 sec. Initially, for small deposition time, the formation of nuclei just starts. So the density was very low. As the deposition time is increased, new atoms will amalgamate on the top of the existing nuclei resulting in enlarged particles. The new nuclei will also form simultaneously. As the deposition time is further raised, the density of nanoparticles will decrease because of agglomeration of smaller particles to form larger clusters. Densities vary from 2X1011/cm2 to 3.5X1011/cm2. In Fig. 4 , AFM image of silicon nanoparticles elucidate the density of nanoparticles of about 2X1011 /cm2.This figure also shows the 3D image of window 500nmX500nm. It has been proved that the density of nanoparticles as well as their height change with deposition time. The enlarged image extracted from this window shows the shape and size. The sizes of nanodots are in the range of 2-10 nm and the average height is in the range of 1-3 nm. In Fig. 4 , the AFM image of nanoparticles deposited at 6000C for 120 sec shows the average height of the nanoparticles as 1.6nm. The size of the nanoparticles also varies with the deposition temperature and duration.
CONCLUSIONS
Silicon nanoparticles were synthesized using low pressure chemical vapour deposition (LPCVD) method. It has been shown that the height varied between 1-3 nm whereas the densities varied between 2X10 
